Abstract
Background Poppers are a recreational substance of abuse belonging to the alkyl nitrite family of compounds. In the United Kingdom, where they are legal to purchase but illegal to sell for human consumption, 10% of the general population have tried them. They are considered low risk to physical and mental health. Two recent case series from France demonstrated foveal pathology in individuals associated with poppers use. Method A case series of seven patients presenting to four hospitals in the United Kingdom with visual impairment and maculopathy associated with inhalation of poppers.
Results All patients experienced visual symptoms associated with poppers use. The majority had impaired visual acuity, central scotomata, distortion, or phosphenes. Clinical signs on fundoscopy ranged from normal foveal appearance to yellow, dome-shaped lesions at the foveola. Spectral domain optical coherence tomography (SD-OCT) showed varying degrees of disruption of the presumed inner segment/outer segment (IS/OS) junction. Discussion Although poppers have been in use for several decades, in 2007, following legislative changes, there was a change in the most commonly used compound from isobutyl nitrite to isopropyl nitrite. There were no reports of 'poppers maculopathy' before this. Poppers maculopathy may be missed if patients are not directly questioned about their use. The disruption or loss of the presumed IS/OS junction on SD-OCT are a characteristic feature. Further study of maculopathy in poppers users is now needed. Raising public awareness of the ocular risks associated with their use may be necessary.
Introduction
'Poppers' is a slang term referring to recreational substances of abuse belonging to the alkyl nitrite family of compounds. Inhalation of the fumes from these volatile nitric oxide (NO) donors may provide a brief sense of euphoria and sexual arousal. They have been in popular use for many years. 1 In the United Kingdom, the most commonly used compound is isopropyl nitrite, which is legal to purchase, but illegal to sell for human consumption. 2, 3 They are therefore marketed for alternative uses such as 'room odourisers' and 'video head cleaners'. Suppliers of such products are not regulated in terms of quality control and health-related toxicities, and are not subject to narcotics drugs regulations. Poppers are readily available for purchase online, in nightclubs, or on the high street. Ten per cent of the UK general population (aged 16-59 years) have tried poppers, 3 and they are most widely used in the gay and 'nightclubbing' communities. 4, 5 Poppers have been regarded, by scientific experts, as low risk to physical and mental health. 6 The authors recently encountered seven patients with macular changes associated with poppers use. The retinal findings resemble recent case reports from France. 7, 8 Case reports
Seven adults (five males and two females) attended four ophthalmic centres in the north of England and north Wales in 2011 with visual disturbance associated with the use of poppers (Table 1) . Mean age was 39.5 years (median 37). One patient was HIV positive (case 2), the others either tested HIV negative (case 1) or were untested. Symptoms included reduced visual acuity, fluctuating vision, central scotoma, photophobia, and phosphenes. Abnormal bilateral symmetrical yellow dome-shaped lesions were observed at the foveola. There was some variation in the size of the domes, with the most marked being 100 mm high and 400 mm wide. Spectral domain optical coherence tomography (SD-OCT) imaging was undertaken in all cases and abnormal architecture of the presumed junction of the inner segment and outer segment of the photoreceptors (inner segment/outer segment (IS/OS) junction) were observed ( Figure 1 ). There was no significant ophthalmic history in any of the cases bar low myopic error (cases 1, 2, and 6). There was no concurrent medical history (excluding case 2) or family history of retinal disease.
Two patients, both gay males, were 'long-term' users (cases 1 and 2), who had been using poppers for 20 and 14 years, respectively, but had only noticed visual changes over the past 2 years. They were unable to specify precisely when their visual symptoms had developed, and did not associate symptoms with poppers use. Both cases took longer to diagnose (average 16 months, four appointments). Cases 1 and 2 had the lowest initial visual acuity and, in spite of significant reduction in poppers use (case 1) or complete cessation (case 2), there was no change to visual function.
The remaining five patients (cases 3-7) were first time and one time only poppers users. They were heterosexual or sexuality was not discussed. These cases presented with acute visual symptoms associated with recent poppers use, with no further poppers use during their follow-up. Visual impairment was typically less than in the chronic poppers users, and improved following poppers discontinuation. These cases provide information regarding the temporal relationship with both development of SD-OCT findings and resolution of symptoms. Case 4 had SD-OCT performed within 24 h of poppers use and development of symptoms. Although the initial SD-OCT was normal (Figure 2a) , at 3 months she had IS/OS disruption, which had partially improved by 5 months (Figures 2b and c) . There was a corresponding visual improvement throughout. Cases 5 and 6 both had full visual recovery over 4 and 6 weeks, respectively.
Discussion
Adverse drug reactions (ADRs) from prescribed medications are well-recognised patient safety concerns. 
Eye
Ophthalmologists are often aware of ADRs from prescribed medications that can cause visual loss. Both prescribed and 'over-the-counter' medications are monitored in the United Kingdom by the Medicines and Healthcare products Regulatory Agency. 9 Pharmacovigilance has been harmonised across national and international boundaries. 10 However, products that are not sold for human consumption (including volatile nitrites when sold as 'room odouriser') are not subject to such regulation or scrutiny. Thus, there is a potential health risk if such products are consumed.
Our patients' clinical history and findings resemble the patients from France who took the same type of poppers between December 2007 and July 2010 7, 8 (Dr M Paques, Personal communication 2012). The majority of our patients experienced visual impairment with central scotomata, and were found to have bilateral foveal yellow spots and IS/OS junction disruption. These findings demonstrate consistency in different locations across the United Kingdom and internationally. Our cases provide additional information to the previously described maculopathy. Case 4 demonstrates that visual symptoms and acuity loss may predate OCT abnormality following poppers inhalation. Case 4 showed partial resolution at month 5 having ceased use of poppers ('Purple Haze' from month 3 of presentation) but was symptomatic with corresponding OCT features at month 17 review having failed to attend any review appointments in between (patient admitted having switched to twice weekly inhalation of 'Liquid Gold' from month 6 onward). Cases 3, 4, 5, and 7 demonstrate maculopathy after a single episode of inhalation. Case 4 shows partial resolution, and cases 5 and 6 show complete resolution of signs and symptoms. Our cases demonstrate that there may be a dose-related effect or cumulative toxicity with poppers use as cases 1 and 2, who admitted to long-term regular use, had the most severe disease and showed no sign of improvement on reduced usage or abstinence in the observation period.
Before 2010, there have only been isolated case reports of visual loss following poppers inhalation, albeit with a different clinical picture. 11 Pece et al 12 describe transient visual impairment to a 30-year-old male after inhalation of isobutyl nitrite, with yellowish-white spots at the fovea, which gradually improved with time. Case 1 in this series has recently been published. 13 Given the longstanding use of poppers, 1 the question arises as to why maculopathy associated with poppers use has not been recognised until 2010. 7 Up to 2007, isobutyl nitrite was the most commonly used compound in poppers in the United Kingdom. 2, 14 The Dangerous Substances and Preparations (Safety) Regulations 2006 reclassified isobutyl nitrite as a Class II carcinogen. 15 Isobutyl nitrite was thus illegal to supply, in the UK, from August 2007, and was also prohibited from use in consumer products in Europe. 16 Davies et al 2 found that isopropyl nitrite has largely replaced isobutyl nitrite in poppers found at United Kingdom music festivals and nightclubs since the change in legislation. Cases 1 and 2 were 'long-term' users who only developed symptoms after this change. Cases of 'poppers maculopathy' may have been missed by ophthalmologists because of failure to enquire about recreational substance abuse, and specifically about poppers inhalation, as occurred in cases 1 and 2. Furthermore, SD-OCT imaging now allows this macular disturbance to be visualised. It is possible that any link of this previously unknown maculopathy to poppers inhalation is simply a chance occurrence. However, we see some evidence of causal link when reviewed against criteria for causality as derived from Sir Austin Bradford Hill 17 and subsequently modified by Susser. 18 The mechanism by which poppers may lead to macula toxicity, more specifically toxicity to subfoveal cones, is unclear. It is known that the volatile nitrites undergo rapid systemic clearance, 19 however, they can lead to increases in NO synthase expression, 20 and therefore prolonged NO production. NO has multiple interactions with photoreceptor physiology. 21 However, there is little understanding of why isopropyl nitrite should be more toxic to the retina than isobutyl nitrite.
In our opinion, ophthalmologists encountering patients with unexplained foveal yellow spots and/or outer lamellar macular changes should ask about inhalation of poppers. The primary differential diagnosis includes inter alia photic maculopathy and adult onset foveomacular vitelliform dystrophy. 22, 23 We have highlighted this message to the Royal College of Ophthalmologists, to the Lesbian and Gay Foundation, and to the UK Home Office Advisory Council for the Misuse of Drugs. Surveillance for this matter in the United Kingdom may now be of merit. With mounting evidence, there may be a role for change in legislation to prohibit supply of isopropyl nitrite to the general public. Special regulatory controls exist where authorities have power to ban or control certain named products. However, the manufacturers often respond to such legal change by developing other unnamed compounds, as has appeared to have already happened with volatile nitrite compounds. 2 Legislation change has been adopted in Austria in 2011 with respect to prohibiting all and unspecified products being marketed with the aim of being used by people to achieve a psychoactive effect. 24 In conclusion, the potential for harm associated with use of poppers needs to be reassessed and public awareness raised.
Summary
What was known before K Isopropyl nitrite can lead to foveal toxicity, as demonstrated by several cases from France.
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1.
You are called to see a 30-year-old man with the recent onset of reduced bilateral visual acuity. After some questioning, the patient admits that he has used 'poppers' over the past 6 months. What should you consider regarding poppers? 
